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(54) LUMINOUS PHOSPHOR 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a luminous 
phosphor activated with bivalent europium, having a 
specific chemical compositional formula, thus attaining 
long afterglow time/high afterglow luminance compared 
to conventional silicate-based luminous phosphors, 
presenting diversified luminescent colors ranging from 
blue to yellowish green colors, therefore useful for e.g. 
night signs. 

SOLUTION: This luminous phosphor is such one as to be 
activated with bivalent europium and have a chemical * 
composition of the formula (R is at least one element 
selected from the group consisting of Ga, Sr and Ba; M 
is a coactivator, being at least one element selected 
from the group consisting of Nb, Zr, Bi. Mn, Sn, In, La, 
Ce, Pr, Nd. Sm. Gd, Tb. Dy, Ho. Er, Tm, Yb, Lu, Sc and Y; 
0.4<(a)<0.9; 0.00001 <b<0.30; 0.25<c <1.5; 0.00001 <d<0.2; 
0.00001 <e^0.2; 0<x<1.0; 0<y< 1.0). this luminous 
phosphor is obtained by the following process: 
appropriate amounts of respective specified stocks are 

weighed, mixed together, put into an alumina crucible, and then burned at 950-1,500 
1 2 h in a reductive atmosphere. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Activation is carried out with divalent europium. A chemical composition type aRO. O- 
bAI203. c(Sil-yGey) 02, and dEu~eM (However, R is at least one sort chosen from the group 
which consists of Ba, Sr, and calcium, and M is a coactivator.) It is shown, at least one sort 
chosen fronn the group which consists of Nb, Zr. Bi, Mn. Sn, In, La. Ce, Pr, Nd, Sm, Gd, Tb, Dy, 
Ho, Er, Tm. Yb, Lu, Sc. and Y — it is — a, b, c, d, ex, and y are phosphorescent materials 
characterized by being in the range of 0.4<=a<=0.9, 0.00001<=b<0.30. 0.25<=c<=1.5. 
0.0000 1<=d<=0.2, 0.00001<=e<=0.2, 0<=x<1.0. and 0<=y<1.0. respectively. 



[Translation done.] 
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1. This document has been translated by computer. So the translation may not reflect the orisinal 
precisely. 

2. «*«« shows the word which can not be translated. 
3Jn Ote drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of tho Invention] 
(0001) 

(Field of the invention] Activation of this invention is carried out with divalent europrum. A 
chemicol composition type bRO. O-bAI203. cCSil-yGey) 02. and dEu-eM (However. R is at least 
one sort chosen from the group wNch consists of Be, Sr. and calcium, and M is a coactivator.) It 
is shown, at least one sort chosen from the group which consists of Nb, Zr, Bi. Mn. Sn, In, La, Ce. 
Pr. Nd. Sm. Gd. Tb. Dy, Ho, Er. Tm. Yb. Lu. Sc. and Y — it is — by long aftergjiow time amount 
end quantity afterglow brightness It is related with phosphorescent materials with various 
Kxninescence wavelengtK 
(0002] 

(Description of the Prior Art] the phenomenon in which, as for fluorescence, the matter emits 
the light near a visible region by the stimulus (excitation) from the outside — it is — a 
fluorescent lamp, a discharge tamp, and CRT (Cathode Ray Tube) — the so-called luminescence 
of the Braun tube etc. is this. Although the matter which emits fhMrescence is called fHjorescent 
substance, this is called phosphorescence when the fluorescence of the time amount (about 0.1 
seconds) of extent sensed for an eye after an excitation halt corrtinues. Moreover, the 
fluorescent substance with high-persistence from vrfuch the time amount which 
phosphorescence follows, i.e.. afterglow time amomt. reaches in several hours at a room 
temperature is called phosphorescent materials. 

(0003) It is put in practical use as phosphorescent materials and the sulfide system 
phosphorescent materials represented by ZnS:Cu serve as the current mainstream. Although 
ZnS:Cu sulfide phosphorescent materials are put in practical use dozens of years before, 
afterglow time amount has the trouble of being short in about at most 3 hours. Moreover, the 
decon^osition reaction which becomes ZnS-*-H2 0->Zn-^H2S arises with the ultraviolet rays 
included in daylight and the moisture contained in atmospheric air. the luminous object itself 
carries out melanism of these phosphorescent materials, and they have the ^tal fault that an 
afterglow function falls remarVably for a short period of time. Furthermore, in order to 
compensate short afterglow time amount, the racfioactivo s\i}stance may be made to contain and 
there was abo demerit of being harmful, to the body or an environment Therefore, this kind of 
phosphorescent materials were mainly used only for applications restricted very mucK such as 
the watch with a luminous dial and indoor Nighttime display. 

(0004) Recently, the new phosphorescent materials (JP.9- 194833 A JP.»-Z41631A> which made 
silicate the subject were developed As compared with the conventional sulfide system, by high 
afterglow brightness, these phosphorescent materials have long afterglow time amount and since 
they are oxides, they have the property with them of excelling also in chemical durability. For 
this reason, in addition to applicationa. such as the existing watch with a Kaninous dial and the 
indoor Nighttime dsplay. broad applications, such as a display, afM:esaories. eto. of a disaster 
prevention indicator and the safety for location recognitioa are expectable. 

[0005] 

(ProblenKa) to be Solved by the Invention] Thus, a property needs to be knproved accordng to a 
request as the applicable field of phosphorescent materials is expanded The ftather 



improvement in afterglow brii^tness and afterglow Ume amount is strongly desired also in it 
(00061 

[Means for Solving the Problem] In order that this invention may solve the above-mentioned 
technical problem, activation is carried out with (fivalent europium. The chemicol composition 
type is bRO, 0-bAI203. c(Sil-yCey) 02. and dEu-eM (however, R is at least one sort chosen 
from the group which consists of Ba, Sr. and calcium, and M is a coactivator). at least one sort 
chosen from the group which consists of Nb. Zr. Bi. Mn, Sn. In. La. Ce, Pr, Nd Sm. Gd Tb. Dy. 
Ho. Er, Tm. Yb. Lu. Sc. and Y — it is — it is going to offer the phosphorescent materials shown. 
[0007] The crystal phase which serves as a subject of said silicate phosphorescent materials 
(JP.9-194B33>V) is the mineral caOed okermanite (calcrum2Mg (Si 207)). the congruenea pyramid 
of Si 207 and Mg04 tetrahedron built the layer (S!2Mg07) with O share, and. as for this crysUl 
structure, calcium is contained by 8 coordination between layers. Sr and Ba can be dissolved in 
calcium location between this layer, and it becomes akennanite and the structure of 
isomorphism. On the other hand generalhy the mineral called a GERE night (calcium2 aluminum 
(AISi07)) is known. The congruence pyramid of 2 (aluminum. Si)07 and AJ04 tetrahedron built 
the layer (SiAl 207) with O share, and. as for this crystal structure, calcium is contained by 8 
coortSnation between layers. Sr and Ba can be dissolved also in calcium location between this 
layer, and it becomes a GERE night and the structure of isomorphism. The crystal structure to 
which aluminun dissolved continuously is called melilite by making these two crystal phases into 
an end member. That is. the congruence pyramid of 2 (aluminum, Si)07 and 0(Mg. akaminumH 
tetrahedron build 8 layer (3 (Si. akimifum. Mg)07) with O share, end calcium. Sr. ar^d Ba enter by 
8 coordination between layers. We came to complete a header ar>d this invention for the 
phosphorescent materials which can solve a technical problem by considering this melilite mold 
structure as a mother crystal, and usirtg divalent europum as an activator. 
[0008] Namely, phosphorescent materWs according to claim 1 Activation is carried out with 
dvalent eurocMon. The chenucaJ composition type sRO. 0-bAI203. c(Si1-yGey) 02, and dEu-eM 
(However. R is at least one sort chosen from the poup which consists of Be. Sr. and calcium, 
and M is a coactivator J ft is shown, at least one sort chosen from the group which consists of 
Nb. Zr. Bi. Ma Sn. h. La. Ce, Pr. Nd Sm, Gd Tb. Dy. Ho. Er. Tm. Yb. Lu. Sc. and Y — it is — 
That a. b. e. d ex. and y are in the range of 0.4<sa<=0.9. 0.Q0001<sb<OJO; a25<sc<=1.5. 
0.00001<^^Z O.OOOOK=e<=0.2. 0<~x<1.0. and 0<sy<1.0. respeetivaly They are the 
phosphorescent materials by which it is charaotenzed 

[0009] In the phosphorescent materials of this invention, in a, b shows the presentation ratio of 
alurm«jm 203. and as for (1-a). c shows [ the presentation ratio of RO (however. R is at least 
one sort chosen from the group which eonsists of Ba. Sr. and oaloium) ] the presentation ratio of 
Si02 and/or Ge02 for the presentation ratio of MgO and/or ZnO. The range of a. b. and o 
serves as melilite mold structura in OA<=a<=0.9, 0.0000 1<=b<0.30. and 0.25<sc<=1.5. and the 
phosphorescent materials of high afterglow brightness artd long afterglow time amount can be 
obtained b becomes the phosphorescent materials which have the broad luminescent color of 
blue - yeOowish peen by changing the ratio (rf Ba. Sr. and calcium in R. By the Sr independent it 
is blue lummeseence. mnd luminescenee wavelength ia shifted to a long wavelength side in 
permuting Sr gradually from caldum, and specifically, luminescence wavelength is shifted to a 
short wavelength side by permuting Sr grafjuady by Ba, Moreover, also by changing the 
presentation ratio of aluminum 203, luminescence wavelength can be shifted and the 
phosphorescent materiab wMeh have the desired luminescent color can be obtained 
[0010] d must show the concentration of an activator and the range of it must be 
0.00001<sd<=OX Light absorption worsens in d< 0.00001. and sufficient afterglow brightness is 
not obtained but a lifting and aftergknv brightness fall concentration quertcMng by d> 0.2 
conversely, desirable — 0j0O00S<=d<sO.1 — it is the range of aOOOl <=d<30.05 especially 
preferably. 

[001 1] e must show the concentration of a coactivator and the range of It must be 
0.00001 <-e<=02. The effisetivenesa of increasing afterglow time amount artd afterglow brightness 
in e< 0.00001 is scarce, and afterglow brightness falls gradually by e> 0.2 eonversely. desirable - 
> a0001<=e<=0.1S — it is the range of 0.002<=e<=0.10 especially preferably. 
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I X can realize long afterglow time amount and quantity aftargiaw brightness abo by 
showring the substitutional rate when parmUtmg Mg by Zn. and permuting some Mg by Zn. In 
adifition. although the permutation by Zn is a partial permutation of an Indispensable component 
if Mg tends to acquire said better property, the range of 0<=x<=0.5 wil be desirable espedaUy 
desirable, and the range of it will be 0<=x<=0.2. 

[0013] y can realize king afterglow time amowit and quantity afterglow brightness also by 
showing a stAstitutianai rata in case germarnum permutes Si, and permuttfig a part of Si by 
germanium. In addition, although the permutation by germanium is a partial permutation of an 
indispensable component if Si tenda to acqiire aaid better property, the range of 0<sy<=0.5 wtP 
be desirable especially desirable, and the range of it wSl be 0<^=O.2. 
[0014] Moreover, in case the phosphorescent materials, of this invention are compounded 
phosphate, such as boric acid and ammormjm daiydrogenphosphate, etc can be added as flux. 
The optimal adcfition ia OjOS - 8% of range in moH. 
[001$] 

[EmtKKiment of the InventiorO An oxide, a carbonate, a nitrate, a hyflroxide. ate. can be used for 
the rew material of the phosphorescent materials of this invention. After carrying out specifiad 
lyiantity weighing capacity of these raw materiala and fully mixing with a ball mill etc, it puta into 
an akmina crucble and ealeirtates at 95(^-1500 degroea C among the reducing atmosphere of 
hydrogen gas etc. far 1 to 12 hoirs. The baking otyect obtained de p erw fi ng on the case can also 
be ground and re-calcmatad. and this can also be repeated twice or more. In that case, an 
oxidizing atmosphere is sufficient as intermediate baking, and it should just be redueifv 
atmosphere in the last baking. 

[0016] As for the synthetic approach of ceramic fine particles, the sol gel process, the wet 
synthesis method (coprecipitation method), etc are known. The phosphorescent materiala of this 
invention can also be compounded by these approaches, if it is presentation witNn the limits 
indicated by the claim of this invention, it can make writh the synthesis method of general 
ceramic fine particles, and it is not limited to the soBd reaction method mentioned ^ove. 
Hereafter, although a concrete example explains this invention, tlus invention is not limited only 
to these examples. 
[0017] 
[Example] 
[Example 1] 

SrC03 6.194gMgO(s) 0.761gAI(s) 203 0.214gSiO{8}2 2.39SgH3603 0.259gEu(s) 203 0.015gTm(s} 
203 Mix enough the raw material of a combination presentation of 0.1 62g above, put into an 
akjmina crucible, and it calcinates at 1350 degrees C in the mixed-gas air current of H2 2+3% of 
N 97% for 3 hours. The phosphorescent materials used as chemical composition type 0.690SrO. 
0.310MkO, 0.03458ktfTunum2O3, 0.656SiO2. 0.0345 B-203, 0.00138Eu. and 0.01 38Tm were 
obtained. 

(0018] These phosphorescent materials are excited with the light of a fluorescent lamp, and the 
emission spectrum 1 minute after an exposure halt is shown in drawing 1 . Measurement was 
performed using the spectrophotofiuorometer. An emission peak wavelength is near 480nm, af>d 
blue Ktminescence was observed visually. Moreover, the excitation spectrum measured in the 
kaninescence wavelength of 480nm ia shown in drawirm 2 . This spectrum shows excitation 
wavelength having spread to the visible ragion and being easily excited vnth light such as 
sunlight and a fluarescent lamp. 

[0019] The phosphorescent materials of an example 1 and the example A of a companson are 
excited for 20 minutes by 2(X}lx(es} using a fluorescent lamp, and aipng of the afterglow 
brightness from immediately after an excitation halt is shown in d^^mnng S . Measurement was 
performed using the ktminance meter (LS-tOO end Minolta Co., Ltd). A understands 
( drawing / this ] afterglow time amount for the phosphorescent materials of an example 1 by 
high brightness from the example A of a comparison. In addition, the examples A of a comparison 
are the phosphorescent materials of an OKERU dynamite presentation. 
[0020] An example I, the examples 2-5 which show the same ktminescent color, and the 
example A of a corrtparison were produced by the same approach as an example I. These 



ar>d is 
type, and 
200lx(e8) 



minutes 
[0021] 



e shown in Table 1. The em p irical formub shows two kinds tbcuA each example, 
the form where the upper ease corre s ponded with the chemieai composition 
the lower berth corresponded vnth the crystal structure. It excited for 20 minutes by 
using the fkiorescent lamp to each phosphorescent materials, and the afterglow 

from immediately after an excitation halt waa measured with the haninanea meter, 
ve aftergkiw brightness shown in Table 1 is the relative value wtnch expreased the 
brightness of the example A of a eompariaon aa 100 in the afterglow brightness 10 
after an excitation halt 









1 


0.690SrO • 0.310l«0 • 0.034Ul,0i • 0.656S10, • 0,034SBA ' 
0.00136IQ • 0.0138Tk 

Sr,tlb.^«.,Si,.A • O.lBiO, • 0.004Ba • O.OAOTfe 


3 5 0 


2 


0.663570 • 0.331MgD • O.OOSSSiU A • 0.666SiO, • 0.00335B|O, • 
0.00I34EQ • 0.01341k 

Sr.Mc.,Al4.,5K»0. - O.IBA * 0.0O4Ea • 0,040Tk 


2 0 0 


3 


0.7145r0 • O.ZSfiHtf) • O.0714Ali0, • 0.643SiO, • 0.0357BA • 
0.00143ED • 0.0143Ik 

SriMELiAl A • O.IIA • O.OOaa • 0.040Tb 


375 


4 


0.74ISri) • O.ZSSH0D • CllUlA * 0.630510, • 0.O371BA * 
0.0014aa-0. 01481k 

srj/fg».MutiU.fi- ■ o.iBA -o.ooata > o.04ah 


275 


5 


0.7695rO • O.Z3ll«(0 • 0.1S4AI A - O.BlSSiO, • O.OSaSBA * 
0.00154£o • 0.01S4Tb 

SrJlCL»iUL.Si, .a • O.IM. • O.Q04ea • O.MOTk 


2 00 


itmm 

A 


0.667SrO • 0.333RK0 • CfifiTSiO, • 0.0333BA * D.OOiaaEo - 
O.Q1331k 

SrJigSiA • 0. LBA • 0.004ea - 0.040Tk 


100 



[0022] About an example 5 and the example A of a comparison. X diffraction measurement is 
performed end the obtained spectrum is shown in drawing 4 . From this drawing, whenever 
[ angle-of-diffraction / of an example 5 ] differs from the example A of a comparison cleariy. 
and as for the example A of a comparison, it turns out that it has become another structure. i.e.. 
melilite mold structure. 

[0023] In each example and the example A of a comparison which were shown in Table 1 . it 
becomes common as Sr2Mgl-nAI2nS(2-n07. 0.1 B-203, 0.004Eu. and 0.040Tm. the empirical 
formula expressed with the crystal structure is shown, and what plotted relative afterglow 
brightness to this n is shown in draw ing 5 . This n expresses the substitutional rate of the GERE 
night presentation over an akermanite presentation. The afterglow brightness of a melilite 
presentation (0< n<t) is high, and is afterglow brightness high twice in adifition from the 
afterglow brightness of an akermanite (n= 0) presentation also in the 3.75 times greatest by n^ 
0.2. and n= 0.4 so that clearly from this drawing. 
[0024] 
[Example 6] 

SrC03 4.889gCaC0(s)3 1.t05gMgO(s) 0.801 gAKs) 20 3 0.225gSiO(s)2 2.521 gH3B03 0.273gEu(s) 
203 0.016gTm(s) 203 Mix enough the raw material of a combination presentation of 0.1 70g 
above, put into an akimina crucible, and it calcinates at 13X degrees C in the mixed-gas air 
current of H 2 2-*- 3% of N 97% for 3 hours. The phosphorescent materials used as chemical 
composition type 0.51BSrO. 0.t73CaO. 0.310MgO. 0.0345ak«ninum2O3. 0.656SiO^ 0.0345 B-203. 
0.001 38Eu. and 0.01 38Tm were obtained. 
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COOZSJ ThesQ phosphorescent materials are excited with iho light of a nuorescent lamp, and the 
emission spectrum 1 mimjtB after an ejtciUtion halt is shown in drawin i 6 . Measurement was 
performed using the spectrophotofluorometer. An emission peak wavelength is near 49Qnm, and 
lumlnescenca of a bluish green color was observed visually. 

[0026] Examples 7-14 were produced by the same approach as an example 6. These 
presentations are shown in Table 2. It excited for 20 minutes by 200tx(es) using the Huorescent 
tamp to each phosphorescent materials, and the afterglow brightness from immedateiy after an 
excitation halt was measured with the hjmirwnce meter. The relative afterglow brightness tfiown 
in the table is the relative value which expressed the afterglow brightness of the eaamole 8 of a 



comparison as 100 m the afterglow brightness 10 minutes after an excitation halt. 
[0027] 

Table 2] , 









6 


0.690(Sr,.nCaa.o)0 • 0.310HsO • 0.0345X1,0, ' 0.656SiO| - 
0.0M5SA ' 0.0013S£u - 0.0138Tk 


6 0 0 


7 


0.714(Sr^BCao.«)0 ' O.ZSQfeO • 0.0714A1A * 0.643Si(), • 
0.03S7EA * 0.00143EI1 • 0.0143Tte 


5 6 0 


8 


0.769(Sri.fiCaa.a)0 * 0.231)1s0 * 0- 154A1]P, • 0.6t5SiO^ • 
0.0385BA • 0.00154ETI - 0.0154TW 


3 6 0 


9 


0.667(Sr, „Ca,.»)0 • 0.333)«) • 0.667SiO, • 0.0333BA • 
0.00133Ed • 0.0133T1I 


1 20 


I 0 


0.714(Sr^ajCa,.a)0 • 0,286nsO • 0.0714A1A ♦ 0.643S10, • 
0.03S7BA > 0.00143EQ • 0.0143Tta 


8 0 0 


1 1 


0.667(Sr^sCa,.„)0 • 0.333KsO • O.GGTStO, • 0.0333BA * 
0.00133ED-0.0133TI 


1 4 0 


1 2 


0.7U(Sr^^a,.„)0 • 0.286M80 • 0.0714A1A ' 0,643510, • 
O.0357BA • O.W143Ea • 0.0143Tto 


9 00 


1 3 


O.TUSrO • O.Z88(MgL,Zn.,.)0 • 0.0714A1A ' 0.643S10, • 
0.0357BA * 0.00143Ea • 0.0143Tk 


2 00 


1 4 


0.7U(Sr,.^a,.„)0 • 0.288HgO • 0.0714A1A * 0.643S10b • 
0.0357&A - O.boi43ti] • 0.0143111 


2 20 


B 


0.667(Sr^KCa, a)0 • 0.333KgO • 0.667S10| • 0.O333BA * 
O.OOlSSEa • O.'0133Tb 


1 00 



(0028] The emission spectrum measured about the phosphorescent materials of examples 10, 12. 
and 14 is shown in drawing 7 , and 6 and 9. respectively. Measurement was excited by the 
fluorescent lamp and performed the emission spectrxim 1 minute after an excitation halt with the 
spectrophotofluorometer. In drasyin g 7 , en emission peak wavelength is in 505nm. and green 
luminescence was observed visually. In drawing 8 . an emission peak wavelength is in S2(Vim. and 
yellowish green luminescence was observed visually. In dra wing 9 . an emission peak wavelancth 
is in 46ar)m. and dark blue kimsnescenco was observed visually. Thus, various luminescence from 
bhje to yellowish green is realizable by permuting Sr by calcium and Ba. 
[0029] 

(Effect of the Inventron] This invention Is constituted as mentioned above, and it has the 
effectiveness indicated bek>w. Since the phosphorescent materials by this invention realize long 
afterglow time amount and quantity afterglow brightness compared with the conventional sificste 
phosphorescent materials and have the various lumnnesoent color from bba to yelkiwish greon, a 
broad application can be provided with them. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Orawrincs] 

[ Drnwin gj] It is an emission spectrum 1 minute after [ of an example 1 ] an opticaKpMmpint 

[Drawtng _23 It is an excitation spectrum in the kimineseence wavelength of 480nm of an example 

1. 

[p , raw , inR ,,33 It is the graph which showed aging of the afterglow brightness of an example 1 and 
the example A of s comparison. 

[Dr awin g 4] It is the X dif^ction Fig. of an example 5 and the example A of a comparison. 
[Drawinit Si It is the graph which plotted the relative afterglow brightness 10 minutes after an 
excitation halt to n in Sr2Mgt-nAI2nSi2-n07. 0.1 8-203. 0.004Eu. and OXMOTm. 
[Drawing J] It is an emission spectrum 1 minute after [ of an example 8 ] an optical-pumping 

halt 

E Orawtng 7] It is an emission spectrum I minute after [ of an example 1 0 } an opticah-pumptng 
halt. 

[Drawing 8] it is an emission spectrum t minute after [ of an example 1 2 ] an optical-pumping 
halt. 

[Drawing 91 It is an emission spectrum 1 minute after [ of an example 1 4 ] an optical-pumping 

haK. 
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